A comprehensive theory of the physical picture of a p-n junction under all injection conditions has been presented in this paper. The pn product in a junction must always be < . By incorporating all suitable modification of the boundary conditions, the inconsistencies concerning the relation of the applied potential difference to the difference across the space charge region of a p-n junction were observed.
Introduction
When a piece of p-type material is in physical contact with n-type material then the interface between the different regions is called p-n junction. The basic theory of p-n junction was established by Shockley (Kasap S. O., 1990 (Kasap S. O., -2001 on the basis of four assumptions. The S-R-H theory (Shockley W. et al. 1952 , Hall R. N., 1952 is established on the basis of generation and recombination phenomenon. Rittner (Rittner E. S. 1964 , Hazman S., 1967 ) studied on Shockley model and suggested that model of Shockley is applicable to the emitter and collector regions for all realizable values of current, where as it is applicable to the base region only for extremely small currents. Misawa (Misawa T., 1967) put forward the boundary condition to understand the p-n junction model that the Boltzmann factor and the electrochemical potential approach at the injection surface and the pn product of p-n junction must always be < outside the depletion region. However Fletcher (Fletcher N. H., 1957) showed that in high injection conditions, the quasi-Fermi levels separated by an amount larger than the voltage drop V J appearing across the junction. By using the above boundary conditions attempt has been taken to understand the p-n junction from different approach. van Vliet (van Vliet K. M., 1984) suggested that the basic high injection effects should include some conditions and modified S-R-H theory on the basis of that condition.
Nordman (Nordman J. E.,1967) agreed with results of van Vliet with only one exception by using three guide lines. Nussbaum (Nussubaum A., 1978) reported about the inconsistencies and tried to remove these inconsistencies by using correction factor. Guckel et al. (Guckel H. et al. 1989) analyzed p-n junction by using quasi-equilibrium assumption and the results cover three injection conditions. The p-n junction its depletion layer, its behavior under several injection conditions etc have been analyzed in different approach by several scientists since its very inception; the results are agreements and disagreements. The purpose of this paper is to attempt to focus on all points and achieve to find a modified picture for understanding of a p-n junction.
II. Diversities in the interpretation of the p-n junction
The basic theory of p-n junction do not give clear idea about depletion region of a p-n junction as a function of carrier concentration, the carrier lifetime and diffusion constant in equilibrium situation. E-mail: bjsir07@gmail.com Moreover, the concept and assumption of basic theory also do not give any idea about the behavior of a p-n junction under all injection conditions in non-equilibrium situation. The S-R-H theory is established on the basis of generation and recombination phenomena van Vliet (van Vliet K. M., 1984) suggested that the basic high injection effects should include the incorporation of an electric field or in charge neutrality approximation of self consistent field should be considered, there should be incorporation of charge replenishment (injection or extraction) ohmic contacts and the voltage drop the n and p regions should exists. It could be modified the S-R-H theory at high injection condition shown that Nordman (Nordman J. E., 1967) agreed well with the results of van Vliet and he mentioned three guide lines that are at the ohmic contact the quasi-Fermi levels and equilibrium Fermi level will coincide; the quasi-Fermi levels are constant throughout the transition region; the individual particle current densities can always be given by J p = qµ p pgradE FP and J n = qµ n ngradE Fn for the non degenerate situation.
Nussbaum (Nussubaum A., 1978) reported that the controversy concerning the relation of the applied potential difference to the difference across the space charge region of a p-n junction is due to neglecting of non-zero gradients of the electrochemical potentials. By incorporating all these above and by a suitable modification of the Flatcher boundary conditions (Fletcher N. H., 1957) he deduced the following inconsistencies.
Neglecting term x 2 and the above equation can be shown to be p N n N > It could be removed the inconsistencies by using the following correction factorGuckel et al. (Guckel H. et al. 1989) analyzed the p-n junction transition region on the basis of quasi-equilibrium assumption: the transition region of a p-n junction cannot be analyzed by assuming constant quasi-Fermi levels without generating paradox; the constant quasi-Fermi level assumption demands that an applied diode bias must appear in to across the transition. The results cover the following injection conditions: the majority carrier contributions at the transition region boundaries are negligible; the changes in transition region width will cause the doping level at the boundaries to change, which in turn causes apparent change in the contact potential; injection condition involves the bulk 266 Diversities in the Interpretation of the p-n 44(3) 2009 De Mari (Mari De., 1997) showed a numerical iterative method of solution of the one-dimensional basic two-carrier transport equations describing the behavior of semiconductor junctions under both steady-state and transient conditions. The method is of a very general character: none of the conventional assumptions and restrictions is introduced and freedom is available in the choice of the doping profile, recombination-generation law, mobility dependencies, injection level, and boundary conditions applied solely at the external contacts.
For a specified arbitrary input signal of either current or voltage as a function of time, the solution yields terminal properties and all the quantities of interest in the interior of the device (such as carrier densities, electric field, electrostatic potential, particle and displacement currents) as functions of both position and time.
Mukul Agrawal (Mukul Agrawal, 2002) without using the quasi neutrality presented the minority carrier recombination lifetime is inversely proportional to the majority carrier equilibrium concentration. More majority carriers mean that minority carriers would relax faster making the lifetime smaller.
III. Theoretical analysis and assumptions for p-n junction depletion region
Certain assumptions are made to simplify the problems of the p-n junction:
1. The p-n junction is abrupt, non-degenerate and uniformly doped.
2. The mobilities µ n and µ p are constant within each side of the junction and independent of electric field.
3. The junction is in a d. c. steady state condition under forward bias.
4. The contact regions are ohmic and do not permit excess carrier densities.
5. The quasi-Fermi levels in the transition region are constant.
6. Recombination currents in the bulk region with reasonable S-R-H recombination parameters and short physical lengths are small compared to the injected currents. Bulk recombination will therefore be neglected in the determination of the injection efficiency of the junction.
7. The p-n junction is long enough to divide into three regions; two charge neutrally in the bulk is a solution of the majority carrier transport equation and is valid at all injection levels.
8. In forward bias, minority carriers are injected into quasineutral regions and injected minority carriers recombine at the surface (contacts).
9. In reverse bias, minority carriers are extracted from the quasi-neutral regions and extracted minority carriers are generated at the surface (contacts).
The diode behavior has been explained by a three-region analysis: low, medium and high injection.
In low injection, the majority carrier concentrations are not effected by the injection. Almost all the applied voltage is dropped across the transition region. The bulk voltage drops are negligible. Bulk recombination currents do not affect carrier distributions when bulk widths are small compared to the diffusion lengths of the minority carriers. The transition recombination current usually dominates the injected current. As the injection level increases, the significance of the former decreases and thus the injection efficiency increases. The approximate analytic solution for low injection region:
In the medium injection region, the lightly doped is conductivity modulated. In this case the majority carrier concentration increases to keep up with the minority carrier injection and maintains charge neutrality. As the majority carrier concentration increases, the bulk injection into the heavily ( )
Diversities in the Interpretation of the p-n 44 (3) 2009 doped side increases. Then the injection efficiency deteriorates rapidly. The externally applied voltage is shared by the transition region and the lightly doped bulk region. Although the transition region recombination currents still exist, it is generally negligible compared to the injected currents. Similarly the bulk recombination currents could be negligible.
The approximate analytic solution for medium injection region:
In the high injection region, the total potential across the transition region approaches to zero, since the external voltage across the transition region, V J cannot exceed the built in voltage. The energy bands are now flattened and the injection behaves more like a conductivity-modulated resistor than a diode. The external voltage, less the built in potential, is now dropped across the bulk regions. Both sides of the junction are conductivity modulated and the background doping levels are swamped out by the injection carriers.
The approximate analytic solution for high injection region
IV. Results and Discussion
On the basis of theoretical analyses and by taking constant parameters shown in the Table I different graphs are illustrated. Here mobility parameters for low, medium and high injection region have been calculated by using corresponding equation and Table II . Figure 2 indicates the variation of current density as a function of external voltage. It is observed that the current density increases with the increasing value of the external voltage. It is minimum in low injection region and maximum in high injection region. It is interesting to note that the continually decreasing injection efficiency is basically due to the transition region itself. The charge neutrality requirement of the bulk region demands majority carrier increases, which in turn cause a decrease in the injection efficiency. This situation reaches an extreme case in the high injection region and the limiting injection efficiency occurs because the electron and hole mobilities differ.
Finally, it could be conclude that the model can indeed be used as a realistic model for abrupt p-n junctions.
